All sequencing files are available from NCBI BioProject PRJNA478139. All other relevant data are within the paper and its Supporting Information files.

Introduction {#sec001}
============

Plant-microbe interactions are increasingly implicated as key mechanisms driving plant community composition and ecosystem processes \[[@pone.0234537.ref001]--[@pone.0234537.ref007]\]. Plant-associated microbes can optimize nutrient uptake and pathogen exclusion, and are therefore often considered an extension of the plant genotype, phenotype, and ecological niche \[[@pone.0234537.ref008], [@pone.0234537.ref009]\]. A growing body of recent literature is focused on uncovering drivers that determine community composition of microbes within plant roots, known as the root-endophytic microbial community or root microbiome \[[@pone.0234537.ref010]--[@pone.0234537.ref021]\]. However, despite intense interest in the causes and consequences of plant-soil feedbacks \[[@pone.0234537.ref022]--[@pone.0234537.ref030]\], key gaps remain in our understanding of how root-endophytic bacterial communities influence plant-microbe interactions.

First, little is known about the ecology of root-endophytic bacterial communities in natural plant communities. Prior studies of root-endophytic bacterial communities have largely focused on agricultural or model plant species. These studies suggest that root-endophytic bacterial communities are distinct from bacterial communities found in the surrounding soil rhizosphere, and are assembled deterministically through selection by the plant host \[[@pone.0234537.ref010]--[@pone.0234537.ref017], [@pone.0234537.ref031], [@pone.0234537.ref032]\]. Such assembly is hypothesized to be a result of genotypic factors (e.g., innate immune system, phosphate stress response), whereby different host plants select for different microbial species, resulting in differentiation in bacterial community composition among hosts \[[@pone.0234537.ref033]\]. However, the degree to which similar patterns and mechanisms may contribute to the structure and function of natural plant communities remains unexplored.

Second, few studies perturb the root-endophytic bacterial community with mechanisms which drastically impact the composition. To understand the relationships between the plant and the microbiome \[[@pone.0234537.ref034]--[@pone.0234537.ref037]\], experiments should include treatments which affect both the microbiome and the plant. Instead, many focus on perturbations that directly affect plant community dynamics. Due to their sessile lifestyle, many plants require mechanisms to cope with abiotic and biotic fluctuations in their environment. One way for plants to cope with environmental change is through interactions with root-endophytic microbes \[[@pone.0234537.ref038], [@pone.0234537.ref039]\]. Many studies suggest that the root-endophytic bacterial community helps plants mitigate abiotic stress \[[@pone.0234537.ref032], [@pone.0234537.ref040]--[@pone.0234537.ref043]\] such as drought. This is important because the intensity and frequency of droughts are predicted to increase due to climate change \[[@pone.0234537.ref044], [@pone.0234537.ref045]\]. However, antibiotic use \[[@pone.0234537.ref046]--[@pone.0234537.ref050]\] is an abiotic stressor that is also increasing due to anthropogenic activities. Few studies have shown that a decrease in soil microbial diversity (as expected with antibiotic use) leads to decreases in plant performance, and even fewer have linked this to root-endophytic bacterial communities \[[@pone.0234537.ref002], [@pone.0234537.ref037]\]. Perturbations which lead to decreased variation and diversity within the soil microbial community have negative impacts on the ecosystem \[[@pone.0234537.ref051]\] and understanding how perturbations to the root-endophytic bacterial community impacts plant performance is crucial in creating methods to sustainably improve plant productivity \[[@pone.0234537.ref052]\].

Third, there are few studies which attempt to create links between the composition of the root-endophytic bacterial communities and plant-soil feedbacks; many focus on mycorrhizal fungi or treat the plant-soil microbial community as a single niche \[[@pone.0234537.ref002], [@pone.0234537.ref028], [@pone.0234537.ref029], [@pone.0234537.ref038], [@pone.0234537.ref039], [@pone.0234537.ref053]--[@pone.0234537.ref058]\]. It has been hypothesized that the plant microbiome and the plant collectively form a holobiont that influence evolution and plant community biodiversity \[[@pone.0234537.ref028], [@pone.0234537.ref032], [@pone.0234537.ref039]\]. This interaction is characterized as the plant-soil feedback framework due to observations in which plant species differ in their response to individual microbial species and in turn, growth rates of individual microbial species are also affected by the plant host \[[@pone.0234537.ref059]\]. The term feedback within the scope of this study involves 2 steps: 1) the plant host perturbs the composition of the bacterial community, and 2) this differentiation affects the performance of the plant host \[[@pone.0234537.ref006]\]. Plant-soil feedbacks can predict co-existence of plant species since feedbacks are plant host-specific and can either be negative or positive \[[@pone.0234537.ref022]\] depending on the balance of negative effects of soil-borne pathogens, herbivores, and parasites compared to positive effects of beneficial soil microbes \[[@pone.0234537.ref060]\]. For example, accumulating species-specific soil-borne pathogens can cause negative plant-soil feedbacks \[[@pone.0234537.ref054]\], thus limiting dominance and competition among plant species. In contrast, the absence of species-specific soil-borne pathogens, for example in disturbed environments \[[@pone.0234537.ref023], [@pone.0234537.ref061]--[@pone.0234537.ref063]\], can allow plant species to increase in abundance and accelerate competitive exclusion \[[@pone.0234537.ref064]\]. However, few studies have intensely and carefully examined how root endophytic bacterial communities can either partially or wholly explain plant-soil feedbacks \[[@pone.0234537.ref032]\].

In this study, we focused on plant species which commonly co-exist within the native North American prairie ecosystem to understand the ecology of their root endophytic bacterial communities and determine the extent to which the root endophytic bacterial community composition contributes to their co-existence. The North American prairie ecosystem is one of the Earth's most endangered ecosystem \[[@pone.0234537.ref065]\]. We sequenced root-endophytic bacterial communities of five tallgrass-prairie plant species, each reciprocally grown with soil microbes from each hosts' soil rhizosphere. We addressed four questions: 1) Does the composition of root-endophytic microbial communities differ among host species of co-occurring prairie plants?; 2) Are differences in the performance of conspecific plants associated with differences in root-endophytic bacterial community composition, and if so, do certain bacterial species drive plant performance?; 3) To what extent do perturbations to the soil microbial community disrupt associations between root-endophytic bacterial communities and the host?; and 4) Is there evidence of plant-soil feedback within these tallgrass-prairie species, and if so, is the root endophytic bacterial community driving the feedback? We conducted a plant-soil feedback study with soils collected from plant species commonly found in the tallgrass-prairie ecosystem. To address these questions, we sequenced the 16S rRNA gene from the endophytic root compartment of plants which were initially grown in sterile conditions and compared the bacterial community composition to the data collected from the plant-soil feedback study.

Materials and methods {#sec002}
=====================

Plant species and soil collection {#sec003}
---------------------------------

We chose 5 prairie species, 4 natives: *Monarda fistulosa* (Wild Bergamot), *Ratibida pinnata* (Grey-head coneflower), *Heliopsis helianthoides* (Smooth oxeye), *Conyza canadensis* (Horseweed); 1 invasive which was listed as a noxious weed in Missouri (USDA 2019): *Carduus nutans* (Musk Thistle). These plant species were chosen because they are highly abundant in prairies in the Midwestern USA; therefore, we could collect enough plant-associated field soil to conduct the greenhouse experiment. We purchased all seeds from Prairie Moon Nursery (Winona, Minnesota, USA) with the exception of *Carduus nutans* seeds, which were collected at Tyson Research Center (Eureka, MO, USA) in June 2013.

Experimental prairie restoration plots were established within a 0.5 ha field at Washington University's Tyson Research Center, Missouri, USA, located south-west of St. Louis. The climate of this area is warm and temperate, with 897mm annual precipitation and 13.7°C annual temperature. Soils are limestone derived and clay rich. The history of our field site represents a good match for sites targeted for prairie restoration. Prior to 1984, the study area was used as an agricultural or hay field. From 1984 to 1989, the study area was an experimental corn field. Throughout the course of the lifecycle of the experimental plots (2009--2016), the field was managed with practices generally used in prairie restoration. The entire field was mowed in June & August 2009. Late winter or early spring burns were performed in 2011, 2013 and 2016. Three non-native species that display invasive behavior (*Carduus nutans*, *Vicia villosa* and *Sorghum halepense*) were removed manually or with a targeted herbicide (40% glyphosate). The plots were seeded with 25 Missouri ecotype native forb and 5 grass species, the seeding densities and common names can be found here along with more information about the experimental prairie restoration plots \[[@pone.0234537.ref066]\].

Step 1 of the plant-feedback framework is to create differentiated soil communities by either allowing plant hosts to grow in similar initial soil communities for a few months or sampling close to adult plants in field sites due to the short generation time and rapid community dynamics of microbial communities \[[@pone.0234537.ref054]\]. Step 2 is to measure the performance of the plant host, by growing the plants in an inoculation of the differentiated soil communities surrounded by a common background soil to isolate microbial effects \[[@pone.0234537.ref054]\]. We chose to collect soil from these experimental plots to serve as our differentiated soils, which we will refer to as soil history throughout the manuscript. By measuring plant performance to differentiated soil communities, we can estimate net soil community feedback parameters. During the summer of 2013, soils used as our differentiated soils (see below) were obtained from the rooting zone (\< 1m from base of stem) of patches of mature individual plants for each species from 5 different prairie restoration experimental plots located at Tyson Research Center and soil samples were not pooled across the experimental plots. Shovels used to collect soil were cleaned and sterilized with 70% (v/v) ethanol and a blow torch in between plant host inoculum collection to avoid cross-contamination. We chose experimental prairie sub-plots that were not manipulated with chemicals (no phosphorous or fertilizer added). Bulk soil was collected 30m away from the experimental Tyson plots to serves as our common background soil. All soils were stored in the dark at 4°*C*.

Overview of greenhouse experiment {#sec004}
---------------------------------

We conducted a full reciprocal greenhouse experiment where we exposed sterile seedlings of each plant host to either their own soil microbial community (conspecific) or to microbial communities associated with each of the other plant hosts (heterospecific) ([Fig 1](#pone.0234537.g001){ref-type="fig"}). This reciprocal design allowed us to investigate the extent in which microbial community assembly was a function of deterministic host selection or random assortment. We controlled for abiotic soil effects to better link growth responses to the differentiated soil microbial communities by filling all pots with the same background soil (2:1 bulk soil-sand mix) that was autoclaved twice (gravity cycle for 65 min) \[[@pone.0234537.ref067]\]. We then added a small quantity (6% of pot volume-- 6" diameter pots) of field-collected conspecific or heterospecific inoculum (soil history) for each plant host. To ensure that roots were colonized by microbes in the collected inoculum, we surface sterilized and germinated seeds in autoclaved (gravity cycle for 65 min twice) Propagation Mix (Sungro horticulture Agawam, MA, USA). Germinated seedlings were transferred to the individual pots using sterilized tweezers and scoopula. Fourteen replicates of each plant host received heterospecific inoculum. Twenty-four replicates of each plant host received conspecific inoculum. Six replicates for each plant host received conspecific and heterospecific autoclaved inoculum. Half of all replicates were subjected to an antibiotic treatment which allowed us to further test the strength of deterministic factors on root endophytic bacterial community composition. This resulted in 5 (plant hosts) x \[4 (heterospecific inoculum) x 2 (antibiotic treatment) x 7 replicates + \[1 (conspecific inoculum) x 2 (antibiotic treatment) x 12 replicates\]\] + \[5 (plant hosts) x 5 (autoclaved inoculum) x 2 (antibiotic treatment) x 3 replicates\] = 550 experimental units in a semi-full factorial design ([Fig 1](#pone.0234537.g001){ref-type="fig"}).

![Illustrative description of study design.\
Only one species is represented in the picture; however, all plant hosts underwent the same manipulations. Seeds from each plant host (color of which plant host is depicted by color of the pot) were grown in soil collected from all plant hosts (color of source inoculum is depicted by the color of the soil). Soils were subjected to both an antibiotic treatment (depicted by color of liquid in the pipette) and autoclaved treatment (depicted by striations of the soil).](pone.0234537.g001){#pone.0234537.g001}

Perturbations: Autoclaving and antibiotics {#sec005}
------------------------------------------

Autoclaving soil perturbs the microbial community by reducing the number of bacterial species in a community ([S1A Fig](#pone.0234537.s001){ref-type="supplementary-material"}, [S1A Table](#pone.0234537.s007){ref-type="supplementary-material"}). We autoclaved half of the collected inoculum (gravity cycle for 65 min followed by a second gravity cycle for 65 min 24 hours later).

Antibiotics were chosen as a perturbation due to their ability to directly affect microbial communities by eliminating species from the communities without directly impacting plant growth ([S1 Fig](#pone.0234537.s001){ref-type="supplementary-material"}). Plant performance was not affected when grown in the presence or absence of antibiotics ([S1B Fig](#pone.0234537.s001){ref-type="supplementary-material"}). We chose four antibiotics: chloramphenicol (8mg/L), oxolinic acid (0.2 μg/mL), gentamicin (32mg/L or 4mg/L), streptomycin (512mg/L). Chloramphenicol and gentamicin are used in agar plates when isolating fungi to decrease the presence of bacteria \[[@pone.0234537.ref068]\]. Oxolinic acid, gentamicin, and streptomycin are used in the plant-agriculture community to target bacterial pathogens that affect crops \[[@pone.0234537.ref069]\]. Chloramphenicol is a broad range antibiotic that is bacteriostatic and inhibits protein synthesis by binding to the 50S ribosomal subunit (Sigma Product Information). Oxolinic acid is effective against gram-negatives and is a quinolone compound. It inhibits the DNA gyrases (Sigma Product Information). Gentamicin is a broad range antibiotic that inhibits bacterial protein synthesis by binding to the 30S subunit of the ribosome (Sigma Product Information). Streptomycin is a broad range antibiotic but has been known to be less effective against Gram-negative aerobes \[[@pone.0234537.ref070]\]. It blocks protein synthesis by targeting the 70S ribosome. The concentration of the antibiotics were determined by using the highest MIC concentration from EuCast2 (<https://mic.eucast.org/Eucast2/SearchController/>). Pots not treated with antibiotics were administered 10ml of autoclaved deionized water. The first treatment was given July 12, 2013; we administered 10ml of the antibiotic cocktail. For the rest of the treatments we administered 15ml of the antibiotic cocktail every 2 weeks.

Plant care and trait measurement {#sec006}
--------------------------------

The experiment started July 2013 and ended October 2013. The duration was chosen to ensure all plants had enough time within the vegetative stage. Only one plant, *H*. *helianthoides*, flowered during this time period. All pots were arranged twice into randomized blocks and maintained in the greenhouse for the duration of the experiment. Dropped leaves were collected and included in total biomass for the individual. At the end of the experiment, we harvested both shoot and root separately. Roots were carefully washed with water over a 500-*μ*m sieve to remove all soil particles. Shoots and roots were placed in separate envelopes. We measured dried biomass after oven-drying the samples at 60°C for 48 hours.

Calculating plant-soil feedback interaction {#sec007}
-------------------------------------------

To calculate plant-soil feedback interaction coefficient (*I*~*s*~), we used the dried biomass of both above-below ground plant parts and calculated the interaction using this equation \[[@pone.0234537.ref071]\]: $$I_{s} = \propto_{A} - \mspace{720mu} \propto_{B} - \mspace{720mu}\beta_{A} + \beta_{B}$$ *α*~*A*~ is the effect that plant species A has on itself while *α*~*B*~ is the effect that plant species A has on B. *β*~*B*~ is the effect that plant species B has on itself while *β*~*A*~ is the effect that plant species B has on A. We demonstrate how we calculated the interaction coefficient using an example with *H*. *helianthoides* and *C*. *nutans*. Total dried biomass of *H*. *helianthoides* grown in inoculum collected from conspecifics = ∝~*A*~. Total dried biomass of *H*. *helianthoides* grown in inoculum collected from *C*. *nutans* = *β*~*A*~. Total dried biomass of *C*. *nutans* grown in inoculum from *H*. *helainthodies* = ∝~*B*~. Our final value variable, *β*~*B*~, is the total dried biomass of *C*.*nutans* grown in conspecific inoculum. We did this calculation for each of the pairs and the average of the pairs for a plant host served as our main plant-soil feedback interaction coefficient. We used a one-sample t-test to determine if the feedback interaction coefficient was significantly different from 0.

Characterization of root endophytic bacterial communities {#sec008}
---------------------------------------------------------

To characterize the root endophytic bacterial communities, we weighed approximately one gram of belowground biomass for microbial extraction and stored it at -80°C. Sterility was maintained between samples by placing roots in sterilized weigh boats and only one plant individual was measured at a time to limit cross-contamination. The selection of the root sample was standardized to the secondary root. Since we wanted to limit the amount of cross contamination, we did not standardize the exact location of the extracted root sample across all plants. To accurately measure belowground biomass, total belowground biomass was weighed before and after removal of the portion used for microbial extraction. The estimated loss was calculated and added to the dried biomass weight.

Belowground biomass was resuspended in 15ml of filter sterilized PBS-S buffer (130mM NaCl, 7mM Na2HPO4, 3mM NaH2PO4, pH 7.0, .02% Silwet L-77) and sonicated (Fisher Scientific Sonic Dismembrator Model 500, Pittsburgh, PA, USA) at low frequency for 5 min with five 30 sec bursts followed by five 30 sec rests for 252 root samples. We collected 14 samples (After Sonication) after this stage and submitted them for sequencing. Then roots were resuspended in 15 ml of filter sterilized PBS-S buffer and centrifuged at 1,500g for 20 minutes. We collected another 14 samples (After Wash) after this stage and submitted them for sequencing. We sonicated and washed the roots to remove any bacteria that could be found on the external surface of the roots. The roots were aseptically transferred to a new 15ml and freeze dried overnight. We validated that the sonication and washes were sufficient in removing surface and exterior bacteria by sequencing these extracts and determining that the microbial communities were significantly different ([S2A Fig](#pone.0234537.s002){ref-type="supplementary-material"}). The microbial community was extracted from roots per manufacture's protocol using the PowerSoil DNA Isolation Kit (Mo-Bio Laboratories, Carlsbad, CA, USA). We performed PCRs in triplicates to control for bias in PCR reactions and amplified the 16s rRNA V4 region (<http://www.earthmicrobiome.org/emp-standard-protocols/16s/>) using the barcodes designed in \[[@pone.0234537.ref072]\]. Before sequencing, we visualized the bands on gels. After a positive confirmation, we combined all samples and sequenced them on the Illumina MiSeq platform (Illumina Inc., San Diego, CA, USA) with 2x250 bp paired-end reads at the Edison Family Center for Genome Sciences at Washington University in St. Louis. Sequences were demultiplexed using QIIME \[[@pone.0234537.ref073]\]. Paired-end reads were truncated at the first base with a quality score of \<Q4 and then merged with usearch \[[@pone.0234537.ref074]\], with a 100% identity in overlap region and a combined length of 253±5 bp. The merged reads were then quality filtered by usearch with a maximum expected error of 0.5. Operational taxonomic units (OTUs) were picked using the usearch pipeline \[[@pone.0234537.ref074]\] and known chimera OTUs were filtered from the list. Reads were matched to OTUs at 97% sequence identity. Representative sequences from each OTU were aligned using PyNAST and assigned taxonomy using RDP Classifier using QIIME version 1.5.0-dev. OTUs which matched chloroplast or mitochondria were removed from the dataset. Any sample with fewer than 30 OTUs were dropped from the study. Additionally, OTUs which were found in only one sample or had fewer than 30 individuals were removed from the dataset for a total of 595 OTUs. The data from the Illumina sequencing will be deposited in NCBI BioProject PRJNA478139 upon journal acceptance.

Microbial community count data were transformed using the DESeq2 package in R based on previous recommendations \[[@pone.0234537.ref075], [@pone.0234537.ref076]\]. All analyses were performed using the package 'vegan' v.2.4.1 \[[@pone.0234537.ref077]\], 'RVAideMemoire' v.0.9.61 \[[@pone.0234537.ref078]\] and 'phyloseq' v.1.18.1 \[[@pone.0234537.ref079]\] in R version 3.2.2. Principal coordinates (PCoA) of Bray-Curtis pairwise dissimilarities were identified using the vegan function 'capscale'. To explain the difference in dissimilarity of microbial communities, we tested the effect of host, soil history, autoclaving of field soil and exposure to antibiotics in a full model using the non-parametric permutation test ADONIS II in package 'RVAideMemoire' with 999 permutations. The r^2^ value from the ADONIS reflects the amount of variation in microbial community composition explained by each of the factors tested. We corrected for multiple comparisons with the False Discovery Rate post-hoc test to determine which pairs were significantly different.

The aovp function in the lmPerm package which performs a fitting and testing ANOVA using permutation test was used to determine differences between alpha diversity of the root endophytic bacterial communities and total dried biomass between the plant hosts.

To find taxa that were differentially abundant in our samples according to our classifications, we used the package 'ANCOM' v.1.1.3 \[[@pone.0234537.ref080]\]. 'ANCOM' first compares the log-ratio of the abundance of each taxon to all remaining taxon one at a time and then Mann-Whitney U is calculated on each log ratio \[[@pone.0234537.ref081]\]. This method when compared to other differential abundance based statistical tests does not have inflated average FDR \[[@pone.0234537.ref081]\]. We then conducted a pairwise-t-test with Bonferroni adjusted p-values to determine which pairs where significantly different.

Linking belowground species composition to plant performance {#sec009}
------------------------------------------------------------

Measuring plant-soil feedbacks only involve measuring biomass and manipulating the soil inoculum (soil history). We additionally correlated the composition of the bacterial communities to plant performance to understand if differences in endophytic root bacterial compositions could explain differences in plant biomass. We log-transformed biomass to satisfy the linear model assumption prior to assessing treatment effects on biomass for different plant hosts \[[@pone.0234537.ref067]\]. We conducted an ANOVA to test for the effect of autoclaving of field soil, exposure to antibiotics, plant host and soil history. We also tested for the effect of interactions between plant host and sub-plot location of soil collection to ensure soils collected in different sub-plots did not affect biomass. To link performance to composition of root endophytic bacterial communities in perturbed states, we tested for an interaction between plant host and autoclaving of field soil and plant host and soil history. First, we determined which OTUs were differentially abundant in the various source history by using the package 'ANCOM' v.1.1.3 \[[@pone.0234537.ref080]\]. To test whether differences in performance could result in turnover in root endophytic bacterial communities, we correlated composition of root endophytic bacterial communities and biomass. We used a Mantel test with 999 permutations in the package 'ade4' v.1.7--4 to test the significance of the correlations. To test whether a taxon of bacteria could affect biomass, we correlated biomass and abundance of bacteria taxon. We used cor.test with pearson correlations in the package 'stats' v.3.3.2. P values were adjusted using Bonferroni. All results were graphed using 'ggplot2' v.2.2.0 \[[@pone.0234537.ref082]\] in R version 3.3.2.

Results {#sec010}
=======

Ecology of root-endophytic microbial communities in natural plant communities {#sec011}
-----------------------------------------------------------------------------

### Host identity structures root endophytic bacterial communities more than soil history {#sec012}

To investigate if variation between root endophytic bacterial communities is explained by the plant host, Bray-Curtis was calculated on each sample and ADONIS was used to determine the amount of variation explained by plant host and soil origin. We found that root endophytic communities are plant host-specific, independent of whether they are grown in soil microbial communities associated with similar or different hosts. In a subset of samples which were non-autoclaved and non-antibiotic treated, the compositional differences in root bacterial community was better explained (as indicated by the higher r^2^ value) by plant identity (ADONIS p \< 0.001, r^2^ = 0.11, [Fig 2A](#pone.0234537.g002){ref-type="fig"}) than by soil history (ADONIS p \< 0.001, r^2^ = 0.03, [Fig 2B](#pone.0234537.g002){ref-type="fig"}). When accounting for all samples which were autoclaved (ADONIS r^2^ = 0.07) and treated with antibiotics (ADONIS r^2^ = 0.005), more of the variation was explained by plant host identity (ADONIS p \< 0.001, r^2^ = 0.07. [Fig 2C](#pone.0234537.g002){ref-type="fig"}) than by soil history (ADONIS p \< 0.001, r^2^ = 0.02 [Fig 2D](#pone.0234537.g002){ref-type="fig"}, [S2A Table](#pone.0234537.s008){ref-type="supplementary-material"}). To determine if there were changes in abundance for specific bacterial species between the plant hosts, we used ANCOM to detect differentially abundant taxa. Of the approximately 100 OTUs which were differentially abundant between plant hosts ([S3 Fig](#pone.0234537.s003){ref-type="supplementary-material"}), 67% belonged to the Proteobacteria phylum, and 13% were exclusively found in one plant host ([S3 Table](#pone.0234537.s009){ref-type="supplementary-material"}).

![Plant host explains variation in root endophytic bacterial community.\
(A) CAP plot showing the live soil endophytic root microbiome of *Carduus nutans* (red), *Conyza canadensis* (blue), *Heliopsis helianthoides* (green), *Monarda fistulosa* (purple) and *Ratibida pinnata* (orange) \[ADONIS p \< 0.001, r^2^ = 0.11, n = 201\]. (B) CAP plot showing the endophytic root microbiome clustered by soil history \[ADONIS p \< 0.001, r^2^ = 0.03, n = 201\] (C) CAP plot showing both the live and autoclaved soil endophytic root microbiome clustered by plant host \[ADONIS p\< 0.001, r^2^ = 0.07, n = 247\] (D) CAP plot showing both live and autoclaved soil endophytic root microbiome separated by soil history \[ADONIS p\< 0.001, r^2^ = 0.02, n = 247\].](pone.0234537.g002){#pone.0234537.g002}

### Soil history influences plant performance and root endophytic bacterial communities {#sec013}

To determine if specific soil histories affected plant performance, we measured the dried biomass of all plants grown in each of the field-soil inocula. We found that soil history, autoclave treatment, and plant host had significant effects on plant biomass ([S1B Table](#pone.0234537.s007){ref-type="supplementary-material"}). Tukey's *post hoc* tests indicated that total plant biomass was greater in the soil that was collected underneath *M*. *fistulosa* when compared to plants grown in soil collected underneath other plants ([Fig 3A](#pone.0234537.g003){ref-type="fig"}, [S4 Table](#pone.0234537.s010){ref-type="supplementary-material"}). To determine if the variation between the microbial communities could be explained by soil history, we measured *β* diversity using Bray-Curtis dissimilarities. Permutational multivariate analysis of variance using distance matrices (ADONIS) confirmed that a portion of the variation was explained by soil history ([Fig 2B](#pone.0234537.g002){ref-type="fig"}, [S2A Table](#pone.0234537.s008){ref-type="supplementary-material"}). Soil history explained only 1.9% of the variation in root endophytic communities ([S2A Table](#pone.0234537.s008){ref-type="supplementary-material"}) which suggests that the soil history is significant but has a weak effect on the assembly of the endophytic microbial community.

![Plant biomass is affected by soil treatment.\
(A) Bars represent mean total dried biomass across all field soils and all autoclaved field soils with SE. The asterisks indicate statistically significant differences \[ANOVA tests with P ≤ 0.05, n = 537\]. (B) (C) Box plots of differentially abundant OTUs found across all live soil history \[ANCOM (Mann-Whiteny U + FDR correction P ≤ 0.05, n = 201)\].](pone.0234537.g003){#pone.0234537.g003}

To investigate if the overall differences in the endophytic bacterial communities could be traced to specific microbes, we used analysis of composition of microbiomes (ANCOM) to detect differentially abundant taxa. We identified three bacterial species that are identified using this method and we were able to classify the species to the family level: Planococcaceae (OTU 1321), Cytophagaceae (OTU 17), and Micromonosporaceae (OTU 87) ([Fig 3B](#pone.0234537.g003){ref-type="fig"}, [S5 Table](#pone.0234537.s011){ref-type="supplementary-material"}). Planococcaeceae was depleted in *C*. *canadensis'* soil history and Micromonosporaceaea was depleted in *C*. *nutans'* soil history. Cytophagaceae was enriched in *C*. *canadensis'* and *H*. *helianthoides'* soil history. Our results indicate a weak effect of soil history on plant host and the composition of the endophytic microbial community.

### Differences in plant performance correlate with differences in microbial community composition {#sec014}

To understand the effect of root-endophytic bacterial community composition and diversity on plant performance for individual plant species, we measured the dried weight of plants grown in autoclaved and non-autoclaved soils. Overall, plant biomass was reduced in autoclaved soil (*Anova* p \< 0.0001, [S1B Fig](#pone.0234537.s001){ref-type="supplementary-material"}, [S1B Table](#pone.0234537.s007){ref-type="supplementary-material"}). We confirmed that changes in plant biomass can be attributed to the soil biotic rather than abiotic components because biomass when summed across all plant species in each autoclaved soil was uniform ([S2B Fig](#pone.0234537.s002){ref-type="supplementary-material"}). We can attribute plant performance to the soil biotic component because we controlled for potential variation in abiotic properties introduced by the small volume of soil history. Additionally, we assessed seedling growth in the same plant-inoculum combinations but with autoclaved inoculum. Furthermore, plant performance responded to the autoclave treatment in a plant species-specific manner. Three plant hosts had lower biomass in autoclaved field soils: *M*. *fistulosa*, *H*. *helianthodies*, and *R*. *pinnata* ([Fig 4A](#pone.0234537.g004){ref-type="fig"}, [S6 Table](#pone.0234537.s012){ref-type="supplementary-material"}). In contrast, *C*. *nutans* and *C*. *canadensis* had equivalent fitness in field soils and autoclaved field soils ([Fig 4A](#pone.0234537.g004){ref-type="fig"}) suggesting that our invasive, *C*. *nutans*, does not demonstrate strong plant biomass relationships with the microbial communities (neither beneficial nor inhibitory) in the prairie system. As for *M*. *fistulosa*, *R*. *pinnata*, and *H*. *helianthoides*, which are all native (non-weedy) species, the reduction in biomass when grown in autoclaved field soils suggests the potential beneficial relationship between the plants (biomass) and soil microbial communities. We estimated this potential plant root-microbiome effect by correlating plant biomass to the divergence of host-specific root endophytic bacterial communities. We discovered that conspecifics with similar biomass have even more similar bacterial community compositions. *C*. *nutans* (p \< 0.013), *H*. *helianthodies* (p \< 0.001), *M*. *fistulosa* (p \< 0.01,), and *R*. *pinnata* (p \< 0.0001), but not *C*. *canadensis* (p = 0.7), demonstrated a correlation between biomass and community similarity ([Fig 4](#pone.0234537.g004){ref-type="fig"}). Taken together, these results suggest that plant biomass can be affected by the composition of the endophytic bacterial community. However, further work will be needed which exclusively manipulate endophytic root communities to determine the effect of the endophytic bacterial community on plant fitness.

![Root-endophytic bacterial community composition as a function of growth differences.\
(A) Bars represent mean total dried biomass across all field soils and all autoclaved field soils with SE. The asterisks indicate statistically significant differences \[ANOVA tests with *P* ≤ 0.05, n = 537\]. Difference in total biomass between individuals of the same plant species correlated with difference in endophytic root microbiome composition (calculated using Bray-Curtis dissimilarity). Each point represents two individuals' difference in root microbiome and biomass. (B) *C*. *nutans* (n = 52), (C) *M*. *fistulosa* (n = 52), (D) *R*. *pinnata* (n = 50), (E) *C*. *canadensis* (n = 46), (F) *H*. *helianthoides* (n = 47). Differences calculated between samples grown in autoclaved soil are in grey, between samples grown in field soil are in pink, and between one sample grown in field soil and one grown in autoclaved soil in black. Lines and regression statistics are based on Mantel and linear regression.](pone.0234537.g004){#pone.0234537.g004}

To determine if specific bacterial taxa were correlated with, and hence potentially responsible for, measured differences in plant biomass, we regressed the abundance of bacterial species against the biomass of each plant host. We observed significant correlations for specific taxa in *H*. *helianthoides* ([Fig 5A](#pone.0234537.g005){ref-type="fig"}), *M*. *fistulosa* ([Fig 5B](#pone.0234537.g005){ref-type="fig"}), and *R*. *pinnata* ([Fig 5C](#pone.0234537.g005){ref-type="fig"}) roots. Interestingly, each of the five plant species tested responded differently to the abundance of different bacterial species. Therefore, if individuals of the same plant species are affected by the same species-specific pathogens (e.g. root endophytic bacterial taxa), then that could lead to negative feedbacks and restrict proliferation of conspecifics \[[@pone.0234537.ref043]\]. To directly test this hypothesis for root endophytic bacteria, future studies should focus on characterizing root endophytic bacterial communities in the presence or absence of competition with plant conspecifics and heterospecifics.

![Bacterial species abundance with statistically significant (P ≤ 0.05, after Bonferroni correction) correlation with plant log biomass.\
Bacterial species within the roots of (A) *H*. *helianthoides* (B) *M*. *fistulosa* and (C) *R*. *pinnata*.](pone.0234537.g005){#pone.0234537.g005}

Perturbations to the soil microbial community did not disrupt associations between root-endophytic bacterial communities and the host {#sec015}
-------------------------------------------------------------------------------------------------------------------------------------

To understand the specificity of the root endophytic microbial community to the host, we measured the change in root endophytic microbial community composition after exposure to antibiotics (ADONIS p = 0.26, r^2^ = 0.005) and the autoclave treatment (ADONIS p \< 0.001, r^2^ = 0.07). Both influenced the overall community composition of the bacterial community ([S2A Table](#pone.0234537.s008){ref-type="supplementary-material"}) but only the autoclave treatment affected plant biomass for 3 of the 5 species (see section above). Interestingly, the root endophytic microbiota of plants grown in autoclaved soil clustered by plant host (ADONIS p \< 0.001, r^2^ = 0.24, [S2C Fig](#pone.0234537.s002){ref-type="supplementary-material"}, [S2B Table](#pone.0234537.s008){ref-type="supplementary-material"}), suggesting that even under extreme perturbation, endophytic microbial communities are structured primarily by the plant host.

Pairwise plant-soil feedback did not correlate with root-endophytic bacterial communities {#sec016}
-----------------------------------------------------------------------------------------

To determine the strength of a plant-soil feedback, we calculated plant performance when grown in conspecific vs heterospecific soils ([S4 Fig](#pone.0234537.s004){ref-type="supplementary-material"}). Plant performance decreased when grown in heterospecific soils for *M*. *fistulosa* while it increased for *C*. *canadensis* ([S7B and S7C Table](#pone.0234537.s013){ref-type="supplementary-material"}). We used this information to calculate feedback which is plant performance of both target plant hosts and heterospecific plant hosts grown with soil biota collected from conspecifics vs from heterospecifics. The resulting interaction between host and soil history was used to define strength and direction of feedback ([S5A--S5E Fig](#pone.0234537.s005){ref-type="supplementary-material"}). We did not measure any plant-soil feedback within our overall study system ([S5F Fig](#pone.0234537.s005){ref-type="supplementary-material"}). We did measure significant plant-soil feedback for 4 pairs and 2 were treading towards significance ([Fig 6](#pone.0234537.g006){ref-type="fig"}). However, all but one ([Fig 6J](#pone.0234537.g006){ref-type="fig"}) did not show any correlation between root-endophytic microbial communities and plant biomass suggesting that root-endophytic microbial communities do not mediate plant-soil feedbacks.

![Significant plant-soil feedback pairs correlated with root-endophytic bacterial community composition.\
Plant performance when grown in soil history from conspecifics vs heterospecifics: (A) Performance of *C*. *nutans* (n = 37) and *C*. *canadensis* (n = 38). The resulting interaction between plant host and soil history defined a significant negative feedback (insert, p = 0.027). (C) Performance of *C*. *nutans* (n = 37) and *H*. *helianthoides* (n = 38). The resulting interaction defined a significant positive feedback (insert, p = 0.016). (E) Performance of *C*. *nutans* (n = 37) and *M*. *fistulosa* (n = 38). The resulting interaction defined a significant positive feedback (insert, p = 0.019). (G) Performance of *C*. *canadensis* (n = 38) and *H*. *helianthoides* (n = 38). The resulting interaction defined a closely significant negative feedback (insert, p = 0.064). (I) Performance of *M*. *fistulosa* (n = 37) and *H*. *helianthoides* (n = 38). The resulting interaction defined a closely significant positive feedback (insert, p = 0.0001). (K) Performance of *M*. *fistulosa* (n = 38) and *R*. *pinnata* (n = 37). The resulting interaction defined a closely significant negative feedback (insert, p = 0.07). Difference in total biomass grown in conspecific vs heterospecific soil correlated with difference in endophytic root microbiome composition (calculated using Bray-Curtis dissimilarity). Each point represents two individuals' difference in root microbiome and biomass: (B) *C*. *canadensis* grown in inoculum from *C*.*nutans* vs conspecific soil (D) *C*. *nutans* grown in inoculum from *H*. *helianthoides* vs conspecific soil (F) *M*. *fistulosa* grown in inoculum from *C*. *nutans* vs conspecific soil (H) *C*. *canadensis* grown in inoculum from *H*. *helianthoides* vs conspecific soil (J) *M*. *fistulosa* grown in inoculum from *H*. *helianthoides* vs conspecific soil (L) *R*. *pinnata* grown in inoculum from *M*. *fistulosa* vs conspecific soil.](pone.0234537.g006){#pone.0234537.g006}

Discussion {#sec017}
==========

Soil history and plant host affect the community structure of root-endophytic bacterial community {#sec018}
-------------------------------------------------------------------------------------------------

While selection by the plant host have been proposed as mechanisms structuring the soil microbial community \[[@pone.0234537.ref033], [@pone.0234537.ref043], [@pone.0234537.ref083]\], we provide evidence that the root-endophytic bacterial community is largely structured by the plant host, regardless of variation in soil history. Our results are consistent with several studies that have made this link between plant species identity and soil bacterial community \[[@pone.0234537.ref084]--[@pone.0234537.ref086]\] as well as genotype and soil bacterial community \[[@pone.0234537.ref012], [@pone.0234537.ref017], [@pone.0234537.ref087], [@pone.0234537.ref088]\]. Since manipulating the genome of model plants such as *Arabidopsis* is achievable, other studies have documented phylum-level differences in the endophytic bacterial community structure of *Arabidopsis* mutants \[[@pone.0234537.ref089]\], showing that under an artificial system the composition of the root endophytic bacterial community is altered by the genotype of the plant host. Within our study, we discovered that individuals within each plant host are more similar to each other than to different plant hosts ([Fig 2A](#pone.0234537.g002){ref-type="fig"}). Moreover, since we used natural variation within each plant host rather than artificially manipulating the plant genome and noticed large variation between individuals within each plant host indicating that root endophytic bacterial microbiome is not identical within all individuals of the same plant host ([Fig 2A](#pone.0234537.g002){ref-type="fig"}).

There were only three bacterial taxa which were differentially abundant in non-autoclaved field soils and these taxa were not exclusively enriched in one soil source ([Fig 3B](#pone.0234537.g003){ref-type="fig"}). Interestingly, a Bacteriodetes family, Cytophagaceae, was differentially abundant across plant hosts and soil source; however, we only found one OTU that exhibited this characteristic. This corroborates theories that microbial taxa create non-random distributions \[[@pone.0234537.ref090]\] which is consistent with studies showing that root endophytic bacterial communities are very similar regardless of soil source \[[@pone.0234537.ref010], [@pone.0234537.ref011], [@pone.0234537.ref013]\].

Many studies have highlighted the enrichment of Actinobacteria within the root endophytic microbial community \[[@pone.0234537.ref010], [@pone.0234537.ref011], [@pone.0234537.ref043], [@pone.0234537.ref091]\]; however, we note the importance of Proteobacteria in distinguishing root endophytic microbial communities \[[@pone.0234537.ref092]\] ([S3](#pone.0234537.s003){ref-type="supplementary-material"} and [S6](#pone.0234537.s006){ref-type="supplementary-material"} Figs). We observed that the dominating phyla across all root endophytic bacterial communities in this study in decreasing abundance are Proteobacteria, Firmicutes, Bacteriodetes, and Actinobacteria ([S6 Fig](#pone.0234537.s006){ref-type="supplementary-material"}), which have all been reported as dominant members of various root endophytic bacterial communities \[[@pone.0234537.ref033]\]. In contrast to our prairie plant root microbiomes, the dominant phyla of the root microbiome of the model plant *Arabidopsis thaliana* in decreasing abundance are Actinobacteria, Proteobacteria, Bacteriodetes, and Firmicutes \[[@pone.0234537.ref011]\], which likely reflects ecological and environmental differences between these model and non-model plant species. We observed that about 10% of the Proteobacteria that were differentially abundant were exclusively found in one plant host. *Burkholderia bryophila* (OTU 45) which is a known anti-fungal against phytopathogens and a plant-growth-promoter was exclusively enriched in *C*. *nutans*, an invasive of prairie communities. Further studies using *B*. *bryophila* as an inoculum might help elucidate whether this or other bacterial species contribute to plant performance either negatively or positively.

Root-endophytic bacterial communities could potentially affect plant performance {#sec019}
--------------------------------------------------------------------------------

Many studies have tightly linked increases in diversity of soil microbial communities to plant performance \[[@pone.0234537.ref093]--[@pone.0234537.ref095]\], while within this study we link performance to certain microbial species as well as the root-endophytic microbial community rather than treating the soil community as one black box. We observed a correlation between differences in plant biomass with differences in the composition of the root-endophytic bacterial community composition except *C*. *canadensis* ([Fig 4B--4F](#pone.0234537.g004){ref-type="fig"}). Two of the taxa that were enriched in high biomass samples ([Fig 5](#pone.0234537.g005){ref-type="fig"}), *Ochrobactrum* sp. and *Sphingomonas* sp., have been identified as potential growth enhancing bacteria in previous experiments \[[@pone.0234537.ref096], [@pone.0234537.ref097]\]. Additionally, the depletion of certain OTUs belonging to the families *Planctomycetaceae*, *Legionellaceae*, and *Chitinophagaceae* in low biomass samples was consistent across plant species. These bacteria may be candidates as potential plant-specific growth inhibitors. However, the evidence presented in this study is based on reports in the literature and bioinformatic analyses, and further experimental evidence is needed to determine whether these bacterial species provide a substantial growth increase for other prairie plant hosts.

Perturbed root-endophytic microbial composition impacted plant performance in a species-specific manner {#sec020}
-------------------------------------------------------------------------------------------------------

Anthropomorphic antibiotic usage has increased over the past few decades resulting in an accumulation of residues in multiple environmental areas such as manure and agricultural soils \[[@pone.0234537.ref046]\]. Antibiotics are well known to change the composition of the soil microbial community \[[@pone.0234537.ref098]--[@pone.0234537.ref100]\] as was reported in our study. However, this change in root-endophytic bacterial community did not result to any changes in plant performance. This could suggest that our antibiotic treatment did not adequately change the fungi:bacteria ratio by inhibiting bacterial species \[[@pone.0234537.ref098]\]. An alternative hypothesis could be that the root-endophytic bacterial community retained enough functional redundancy and diversity to withstand this perturbation. Follow-up work such as varying concentrations of the antibiotics is needed to determine the direct effect of antibiotics on root-endophytic bacterial communities.

We observed that with our second perturbation treatment, autoclaving soil, drastically reduced the diversity and changed the composition of the root-endophytic bacterial community ([S1A](#pone.0234537.s001){ref-type="supplementary-material"} and [S2D](#pone.0234537.s002){ref-type="supplementary-material"} Figs). Additionally, we did not see a reduction in plant performance for *C*. *nutans* and *C*. *canadensis* while we did for *H*. *helianthoides*, *M*. *fistulosa* and *R*. *pinnata* ([Fig 4A](#pone.0234537.g004){ref-type="fig"}). This result suggests that certain plant species would become dominant while others would become rare within the population after a prescribed fire. Furthermore, after the extreme perturbation, plant identity still explained most of the variation (23%) for the structure of the root-endophytic bacterial community ([S2C Fig](#pone.0234537.s002){ref-type="supplementary-material"}). This corroborates the theory that selection by plant hosts are largely driven by plant exudates that are recognized by the soil bacteria \[[@pone.0234537.ref101]\]. Additional studies are needed to understand the impact of current prairie restoration practices on root-endophytic bacterial communities and its impact on prairie community composition.

Plant-soil feedbacks are not facilitated by the root-endophytic bacterial community {#sec021}
-----------------------------------------------------------------------------------

Plant-soil feedback studies have been used for years to elucidate the impact of the soil microbial community on plant performance \[[@pone.0234537.ref024], [@pone.0234537.ref027], [@pone.0234537.ref054], [@pone.0234537.ref102]\]. Many plant-soil feedback studies hypothesize that invasive plants exhibit strong positive feedbacks because the soil community does not harbor specialized pathogens for invasive plants and native plants exhibit strong negative feedbacks due to the soil community containing an accumulation of soil borne specialized pathogens \[[@pone.0234537.ref023], [@pone.0234537.ref026], [@pone.0234537.ref102]\]. We took advantage of plant-soil feedback experimental design and instead of attributing the effect to the entire community, we focused on the root-endophytic bacterial community to begin to understand the relationship between the root-endophytic bacterial community and plant performance.

In contrast to other studies, we did not detect a significant main effect plant-soil feedback (feedback between all plant hosts) within our experiment ([S5 Fig](#pone.0234537.s005){ref-type="supplementary-material"}); however, we did detect pair-wise plant-soil feedbacks between pairs of plant hosts ([Fig 6](#pone.0234537.g006){ref-type="fig"}). The measured performance of three of the native plant hosts suggests that the soil history independent of host source may have accumulated beneficial microbes rather than soil borne pathogens. As for the weedy plant host, *C*. *nutans*, performance was the same in conspecific and heterospecific soils and in field and autoclaved field soil ([S4 Fig](#pone.0234537.s004){ref-type="supplementary-material"}). We observed the complete opposite for two of our native plant hosts, where *M*. *fistulosa* had higher performance in conspecific rather than heterospecific soils and *C*. *canadensis* performed worse in conspecific rather than heterospecific soils ([S4 Fig](#pone.0234537.s004){ref-type="supplementary-material"}). Since plant-soil feedback is an interaction, we calculated the pair-wise interactions between each pair and discovered 4/10 significant ([Fig 6A, 6C, 6E, 6I](#pone.0234537.g006){ref-type="fig"}) and 2/10 ([Fig 6G and 6K](#pone.0234537.g006){ref-type="fig"}) closely significant feedbacks. However, only one ([Fig 6J](#pone.0234537.g006){ref-type="fig"}) had a significant correlation between the root-endophytic bacterial community composition and difference in plant performance. This suggests that the root-endophytic bacterial community is not facilitating plant-soil feedbacks. We have presented evidence based on bioinformatic analyses and an experimental design which included soil collected from fields, further experimental evidence in which soils are manipulated or trained by plant host prior to the experimentation is needed to determine the direct effect of host manipulation on the composition of root-endophytic bacterial communities.

Conclusion {#sec022}
==========

Our study advances the emerging field of plant-microbe interactions by showing that prairie endophytic root bacterial communities are structured by the plant host, regardless of perturbation to the soil community. Additionally, our study reveals a previously unknown correlation between the composition of the endophytic bacterial root community and plant biomass. Together, this study suggests that the composition of the root endophytic bacterial community could play an underestimated role in determining plant diversity and performance, and the stability of plant communities in response to environmental change. Further research aimed at detangling the direct effect of the composition of the root endophytic bacterial community on plant biomass is warranted.

Supporting information {#sec023}
======================

###### Reduction of root endophytic bacteria and total plant biomass in the autoclaved treated soil.

\(a\) Box-plots of alpha diversity (species richness) in the soils treated with antibiotics (yellow) and without antibiotics (brown). (b) Total plant biomass was unchanged due to antibiotic (yellow) treatment.

(EPS)

###### 

Click here for additional data file.

###### 

\(a\) Post sonication and post wash bacterial communities are different from the bacteria found in the endophytic compartment. CAP analysis showing the contribution of location to overall composition. Ordination of Bray-Cutis dissimilarities shows clustering of root endophytic bacterial communities by location: after sonication (red), after wash (blue) and endophytic (green). (b) The source of the autoclaved field soil had no effect on total biomass averaged across all plant species in each soil inoculum \[ANOVA p = 1\] (c) the CAP analysis of Bray-Cutis dissimilarities shows clustering of root endophytic bacterial communities by plant host: *Carduus nutan*s (red), *Conyza canadensis* (blue), *Heliopsis helianthoides* (green), *Monarda fistulosa* (purple), *Ratibida pinnata* (orange). \[ADONIS p \< 0.001, species---r^2^ = 0.236, soil r^2^ = 0.11)\] (d) CAP plot showing both live and autoclaved soil endophytic root microbiome separated by soil treatment (field soil vs autoclaved field soil) \[ADONIS p\< 0.003, r^2^ = 0.048, n = 247\].

(EPS)

###### 

Click here for additional data file.

###### OTUs that are differentially abundant in endophytic compartment of plant hosts---Box plots of differentially abundant OTUs between plant hosts produced by 'ANCOM' v1.1.3: *Carduus nutans* (red), *Conyza canadensis* (blue), *Heliopsis helianthoides* (green), *Monarda fistulosa* (purple), *Ratibida pinnata* (orange).

(EPS)

###### 

Click here for additional data file.

###### Biomass is greatly reduced in natives (*H*. *helianthoides*, *M*. *fistulosa*, *R*. *pinnata*) prairie plant hosts compared to invasive (*C*. *nutans*) prairie plant hosts.

Total dried biomass weight for each plant host by field conspecific field soil (soil collected from host species) and heterospecific field soil (soil collected from other host species). The colors represent the soil condition: Field Soil (pink) and Autoclaved Field Soil (grey).

(EPS)

###### 

Click here for additional data file.

###### Performance of plant hosts of both target species and heterospecific hosts when grown with soil inoculum collected from target host vs heterospecific hosts.

The resulting interaction between host species and soil inoculum was used to define the strength and direction of feedback. A-E are the individual target species. F is the strength of feedback calculated using A-E.

(EPS)

###### 

Click here for additional data file.

###### Distribution of bacterial phyla in the endophytic compartment.

Bar plots of all classified endophytic bacterial OTUs separated by phyla and plant host. Bar plot show a dominance of Proteobacteria across all plant hosts.

(EPS)

###### 

Click here for additional data file.

###### ADONIS of endophytic bacterial communities.

(DOCX)

###### 

Click here for additional data file.

###### ANOVA of total dried biomass.

(DOCX)

###### 

Click here for additional data file.

###### Pair-wise T-tests P-values for differentially abundant OTUs.

(XLSX)

###### 

Click here for additional data file.

###### Tukey's *post hoc* total dried biomass for soil inoculum.

(DOCX)

###### 

Click here for additional data file.

###### Taxonomy of OTUs.

(XLSX)

###### 

Click here for additional data file.

###### ANOVA using permutation tests of total dried biomass---Field soil vs autoclaved field soil.

(DOCX)

###### 

Click here for additional data file.

###### ANOVA using permutation tests of total dried biomass---Conspecific vs heterospecific.

(DOCX)

###### 

Click here for additional data file.
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The sentence in line 281-283 is confusing. How the influence on plant diversity is measured by plant performance?
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In Lines 313-317, the data mentioned about 100 OTUs were not supported by Fig 2B referred. In the figure, the abundance values of bacterial phylum across plant hosts did not seem different and might not be statistically significant. Also, in S6 Figure, I did not find any OTUs that was exclusively found in one plant. It was the abundance of some OTUs that differed widely among plants but none of the example was found with 13% OTUs exclusively found in one plant.

The description of abundance for three bacterial families in Lines 350-355 based on Figure 3C was not convincing, particularly for family Cytophagaceae, log abundance values for both C.canandensis and H. helianthoides were higher. Also, the weak effect of soil inoculum on plant phenotypes was mentioned in the description but throughout the manuscript the authors did not describe what host phenotypes they measured.

In Lines 361-363, it was inferred that the change in the plant biomass was due to the soil biotic components. When a soil is autoclaved, microorganisms are most likely killed but the abiotic components of the soil may remain intact, for example if some soils have high nutrient or organic content than the effect of such abiotic components could still be there after autoclaving.

The evidence presented in line 420-423 that the root endophytic bacterial community in autoclave soils were clustered by plant hosts was not very strong, particularly C. canadensis, H. helianthoides and R. pinnata in CAP biplot (S7B) did not show clear clustering.

Overall, many descriptions and results presented need to be revised for clarity. Many figures require proper rearrangement to make them convenient to refer while reading the text. I recommend detail revision of the manuscript before publication.

Reviewer \#2: General comments:

This study explores the ecological significance of bacteria in the roots of plants. The study is well designed and addresses novel questions. I do think it has important information -- as the authors state, this paper is starting to help understand the "black box" of soil microbes. I like the overall thrust of the paper with information on both plant performance and microbial communities.

However, I did find the paper somewhat hard to follow. It is a challenging topic to write about, because the reader needs to understand so many different things -- i.e., the conceptual ideas of soil feedback, but also the details of how this specific study was done, both in the greenhouse and the molecular work. I have outlined several of these issues below in the specific comments.

Specific comments:

INTRODUCTION

The goal of the introduction, I think, is to emphasize what we do know and what we don't know. I thought the first two paragraphs are useful and straightforward. The third paragraph (starting on 77) starts by stating that are few perturbations and that most studies focus on stressors. To me these are two separate ideas and I'm not sure why they are linked here? I think the key point of this third paragraph is to get readers thinking about antibiotics as a stressor that hasn't been studied?

The paragraph starting on 92 emphasizes plant soil feedbacks. This is an important area and I am familiar with the literature, but for readers that are new to this concept, it is a bit tricky that the phrase is used on line 92 but not explained for a few more lines. As I will note later, I think more information about the general design of feedback studies needs to be introduced so that the reader can follow the methods.

I like that the introduction of the paper was written without regard to specifics of the study organisms (i.e., prairie plants and their microbes). However, the paragraph starting at 109 uses the word "prairie" several times without any explanation of this ecosystem. I am personally familiar with prairies but for an international journal, there needs to be some ecological context provided. (A very minor point: on 110, I'd refer to native prairie "vegetation" or "community" or "ecosystem" rather than "population" -- i.e., plant species cannot co-exist within populations).

MATERIALS AND METHODS

130 -- typo

136 -- I realize that the prairie restoration plots are simply the source of the soil and not a focus of the study being presented here. However, a little more information about the plots would be useful (how many prairie species were used in the restoration plots?)

147-148 Since I am familiar with feedback studies, I know exactly what is meant by this sentence and its reference to conditioning. However, many readers would not be clear on this. I think the soil feedback paragraph in the introduction has to be rewritten to emphasize the two stage process -- conditioning and testing, so that readers can understand what you mean by mimicking the first stage by using soil collected from field grown plants.

152 -- Minor point -- I'm not sure about the meaning of this sentence.

155-6 -- I'm guessing that the bulk soil noted here may be the same thing as the field soil noted in line 164, but most readers wouldn't easily follow this. Again, I think it is important to write this paper without expecting that readers already have done plant feedback studies. For example, when one reads lines 155-156, there is no sense of why the bulk soil was collected (it may be better to refer to this bulk soil collection when you are talking about creating the background soil).

Figure 1 is useful. However, I can't see the color difference for the water/antibiotic treatments.

Just FYI, I found it distracting to have the figure legends embedded in the middle of the text (but without the figures). I think most reviewers expect the figure legends to be at the end of the manuscript, right before the figures.

186 I found it initially odd to have a section on autoclaving and antibiotics after these terms had already been used in the previous section. Perhaps it would be useful to have the section heading for 157 be listed as "Overview of the Greenhouse Experiment" so readers may realize that other sections will provide many of the details.

188, 194, 195 It seems that the supplementary figures noted here are providing results from this study? Seems rather odd to have results presented in the methods section of the paper?

212,213 I didn't see reference to the size of the pots? There is reference to "optimal time for growth" but I'm not sure what that means. The plant species used in this study can become very large in field environments. I realize that a greenhouse study by definition has to deal with smaller plants, but some reference to the capacity of the pots is important to consider. Did the plants get "root-bound"?

219 I am familiar with this equation, but what I don't see in this section is exactly how to apply it to the data being collected. I would add a few more sentences so readers can understand how the biomass data collected from the different pots can be used to determine the alpha and beta values needed for the equation.

226 A general point. After reading the paper a couple of times, I have understood that the root endophytic bacterial communities were "created/manipulated" by taking sterile plants and exposing them to different soils. One could then characterize them by looking at the bacterial communities within the root samples using sterile techniques. I think it might be useful to readers if these general points were made early in the paper just so that all readers quickly see the big picture.

244 something is mixed up in this sentence

266 very minor point -- data "is" plural so should use "were" here

285 I assume soil history means what plant the soil was collected under? Perhaps I missed it, but I would make sure this phrase was defined earlier.

287 A minor point, but "acquisition" seems a bit of an odd word. Isn't autoclaving killing bacteria so that they never enter the plant? I might of used something more general like "the characteristics of root endophytic bacterial communities.........."

309, 310 I looked at figure 2a and 3b and can see the point the authors are making. However, I find the statistics presented a bit confusing. Is the author meaning that the difference between r squared of 11 and .03 is justification for the statement? I also had a similar question in the next sentence where the difference in r squared is .07 versus .02 (lines 312 and 313). I guess I'm not completely sure what the p value and r squared are telling me and in particular whether comparison of r2 values that already are quite small is meaningful (but like I said, the Fig 2A and 3B was convincing so perhaps this is all right?)

334 I was unclear about this sentence -- in the methods it implied that feedback was being measured? -- there were no qualifications?

Results in Fig 4 are quite interesting!

413-415, 424-427 A comment about section headings. I was confused to see a subsection heading under a section heading for situations where there was only one subsection.

A general point: This paper had a very large number of supporting figures and tables. Most readers will not take the time to look at all of these. I think focusing on a small number of figures and tables would improve the message of the paper.

DISCUSSION

465 I am confused by the reference to selection here. In the introduction, there is reference to "selection" in the context of the influence of the plant host. In 465, I'm not sure what is being meant, especially since it seems that these results do show that "selection by the plant host" is occurring.

474 typo -- I expect you meant "rather than artificially"

548 typo -- "took advantage of "
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Dear Ulrich Melcher,

We submit for your consideration a revised version of manuscript PONE-D-19-22834 entitled "Prairie plants harbor distinct and beneficial root-endophytic bacterial communities" by Boahemaa Adu-Oppong, Scott A. Mangan, Claudia Stein, Christopher P. Catano, Jonathan A. Myers, and Gautam Dantas.

We thank the editor and the reviewers for their time and critical assessment of our manuscript and thoughtful suggestions to help improve our manuscript. A common major concern was to improve clarity of our statistical analyses and reduce the number of supplemental figures. Our revised manuscript includes substantive textual edits and revisions to main text figures 1, 2, and 6, and supplemental figure 6. We have reduced the number of supporting figures to 6 from 10. Having addressed all reviewer concerns, our revised manuscript is greatly strengthened.

Again, we thank the reviewers for their careful comments and feel our paper has been vastly strengthened and clarified by addressing them. The following pages include our responses to the specific comments of the reviewers and the reviewer comments in italics.

Sincerely,

Boahemaa Adu-Oppong, Ph.D., on behalf of all the authors

 

1st reviewer comment's addressed:

The authors extensively used the term "plant-soil feedbacks" throughout the paper. It is described in the introduction as the feedbacks that influence plant evolution and diversity (line 94-96) as a response from plant microbiome but in the result and discussion sections, the term is used loosely. It creates confusion to the readers. A supplemental figure (S1) associated seems unnecessary and not sure if the authors have permission from the original authors to include the figure.

Thank you for the feedback regarding our explanation of plant-soil feedbacks. We have removed the supplemental figure since it was deemed unnecessary and have included more information in the introduction to help tie the results back to the idea behind plant-soil feedbacks.

We included these sentences in the introduction:

The term feedback within the scope of this study involves 2 steps: 1) the plant host perturbs the composition of the bacterial community, and 2) this differentiation must affect the performance of the plant host{Bever, 2003 \#6}. (Lines 93 -- 95)

We included these sentences to the methods since we went into detail on how to do steps 1 and 2 which wasn't suitable for the introduction:

To create differentiated soil communities (step 1), one can either allow plant hosts to grow in similar initial soil communities for a few months or sample close to adult plants due to the short generation time and rapid community dynamics of microbial communities {Bever, 2010 \#435}. To measure the performance of the plant host (step 2), the plants are then grown in an inoculation of the differentiated soil communities surrounded by a common background soil to isolate microbial effects {Bever, 2010 \#435}. We chose to collect soil from these experimental plots to serve as our differentiated soils, which we will refer to as soil history throughout the manuscript. (Lines 149 -- 155)

In figure S2, the alpha diversity measures for both antibiotic and non-antibiotic treated field soil and autoclaved field soil have overlapping quartile range, hence the alpha diversity measures may not be significant statistically unlike what is state in lines 187-188.

Thank you for the feedback on the figure S2. We used the aovp function in the lmPerm R package which performs a Fitting and testing ANOVA using permutation test. The reported p value is \<2e-16 showing that the alpha diversity is different between the field soil and the autoclaved field soil. We have included the results in S1 Table. Additionally, added these lines to the manuscript:

The aovp function in the lmPerm package which performs a fitting and testing ANOVA using permutation test was used to determine differences between alpha diversity of the root endophytic bacterial communities and total dried biomass between the plant hosts. (Lines 294-296)

Not sure what authors wants to say in lines 189-191. The author mentioned they calculated the strength of the deterministic factors, which is not clear how they did.

We have removed this sentence and went into detail about how we calculated the strength of the deterministic factors using the ADONIS r 2 value. We added these lines to the manuscript:

The r2 value from the ADONIS reflects the amount of variation in microbial community composition explained by each of the factors tested. We corrected for multiple comparisons with the False Discovery Rate post-hoc test to determine which pairs were significantly different. (Lines 290 -- 293)

In line 222, the equation for the plant-soil feedback interaction is given, however in any results no data based on the calculations were presented. In addition, based on the equation it seems that the interacting species always have antagonistic effects on each other. However, it is possible to have synergistic effects in nature.

The panels within each of the figures displaying the strength of feedback is calculated based on the equation in 222. Additionally, in Figure 6, we show that there can be synergistic effects as well. To make this link clearer, we added a few sentences describing how we determined if the interactions were significant and changed the y-axis legend on Figure 6 to Is (plant-soil feedback interaction strength).

Lines added:

We used a one-sample t-test to determine if the feedback interaction coefficient was significantly different from 0. (Lines 239 -- 241)

Under characterizing root endophytic bacterial communities section, three different methods were mentioned. Not sure why different methods were adopted. The descriptions were difficult to follow. I did not find any descriptions how bacterial communities on the surface of the roots were avoided.

The after sonication is the step that was used at the onset of prepping the samples for bacterial DNA extraction which first removes bacteria on the surface of the roots. Afterwards, the samples where washed and centrifuged to further remove any other bacteria that remained. To make this a bit clearer, we included our reasonings for doing the sonication and the washes. This was added to the manuscript:

We sonicated and washed the roots to remove any bacteria that could be found on the external surface of the roots. The roots were aseptically transferred to a new 15ml and freeze dried overnight. We validated that the sonication and washes were sufficient in removing surface and exterior bacteria by sequencing these extracts and determining that the microbial communities were significantly different (S2A Fig). (Lines 259 -- 263)

The sentence in line 281-283 is confusing. How the influence on plant diversity is measured by plant performance?

Thank you for bringing this to our attention. We tried to make the link less confusing by using terminology we have used throughout the manuscript. We want to measure the direct link between the microbial community and plant biomass that could lead to the differences seen when calculating plant-soil feedbacks which is a measure of plant biomass grown in different microbial communities (soil inoculum). This is our new sentences:

Measuring plant-soil feedbacks only involve measuring biomass and manipulating the soil inoculum (soil history). We correlated the composition of the bacterial communities to plant performance to understand if differences in endophytic root bacterial compositions could explain differences in plant biomass. (Lines 305-308)

Figures like Figure 2A in line 309 and Figure 3B in line 310 were described together in the text while they were presented as sub-figures of two different main figures. It is inconvenient to refer the figures under two different main figures while in the text they are described together.

Thank you for pointing this out. We did this to make the conclusions drawn from the figures less confusing to the reader. In Figure 2, we are only concerned about the plant species while in Figure 3 we are only concerned about the soil inoculum which were soils collected from the different plant species. Since the colors refer to the plant species, we did not want readers to be confused about the legend. We have decided to recreate Figure 2 to be a combination of previous Figure2A and Figure 3B and in the legend noted that the colorings either refer to the soil history or the plant host.

In Lines 313-317, the data mentioned about 100 OTUs were not supported by Fig 2B referred. In the figure, the abundance values of bacterial phylum across plant hosts did not seem different and might not be statistically significant. Also, in S6 Figure, I did not find any OTUs that was exclusively found in one plant. It was the abundance of some OTUs that differed widely among plants but none of the example was found with 13% OTUs exclusively found in one plant.

Thank you for raising this concern. Figure 2B was meant to be a representation of the phylum not OTUs since that figure would be hard to understand with the increase number of colors within the stack bar plot. We have decided to remove Figure 2B since this figure was deemed not useful. Figure S6 is a bit hard to read since we wanted to plot all 100 OTUs which where labeled as significantly differently abundant using the ANCOM statistical package (<https://www.ncbi.nlm.nih.gov/pubmed/26028277>). The OTUs which were statistically significantly found in one plant and not the other 4 are: OTU 109, OTU 193, OTU 197, OTU 261, OTU 344, OTU 379, OTU 415, OTU 45, OTU 50, OTU 301, OTU 229, OTU 168, OTU 179. Here is a recent paper that have made use of the same statistical package (<https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0225079>). To make this clearer, we performed a similar pairwise t-tests and have included boxes around those particular OTUs and included the statistical test as a new supplemental table 3. The explanation for the statistical tests were added to the manuscript:

We then conducted a pairwise-t-test with Bonferroni adjusted p-values to determine which pairs where significantly different. (Lines 301-303)

The description of abundance for three bacterial families in Lines 350-355 based on Figure 3C was not convincing, particularly for family Cytophagaceae, log abundance values for both C.canandensis and H. helianthoides were higher. Also, the weak effect of soil inoculum on plant phenotypes was mentioned in the description but throughout the manuscript the authors did not describe what host phenotypes they measured.

Thank you for raising this concern. The statistical test used was called ANCOM (<https://www.ncbi.nlm.nih.gov/pubmed/26028277>) which is a statistical package designed specifically for microbiome communities which are usually zero-inflated gaussian distributed. The OTUs which were differentially abundant are not exclusively found in one soil type but rather the abundance is different between the 5. Therefore, 2 can share the same abundance and be different in the other 3. It is like an ANOVA, which you have to perform a Tukey-post hoc to discover which ones are different from the others. Here is a recent paper that included a figure which used results from ANCOM as well (<https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0225079>). To make this clearer, we performed a similar pairwise t-tests to determine which soil history harbored different amounts of the OTU. The term phenotype has been changed to plant host. We did not measure any host phenotypes within the scope of this study. Therefore, we have gone through and made sure that we did not use the term plant phenotype anywhere else in the manuscript.

The explanation of the stats:

We then conducted a pairwise-t-test with Bonferroni adjusted p-values to determine which pairs where significantly different. (Lines 301-303)

In Lines 361-363, it was inferred that the change in the plant biomass was due to the soil biotic components. When a soil is autoclaved, microorganisms are most likely killed but the abiotic components of the soil may remain intact, for example if some soils have high nutrient or organic content than the effect of such abiotic components could still be there after autoclaving.

We agree with the reviewer that if the soil had high nutrient effect then it should be there after autoclaving. We minimized the effect of this by using an inoculum (6% of the pot volume) which was described in line 174. If the abiotic component was higher in one soil source inoculum and influenced plant biomass, we would see that captured in Supplementary Figure 7.

The evidence presented in line 420-423 that the root endophytic bacterial community in autoclave soils were clustered by plant hosts was not very strong, particularly C. canadensis, H. helianthoides and R. pinnata in CAP biplot (S7B) did not show clear clustering.

Yes, we agree that the clustering isn't as clear as it could be, but we included the ADONIS as a measure of statistical differences between the microbial communities (ADONIS p \< 0.001) and plant host captured 24% of the variation.

2nd Reviewer comment's addressed:

Specific comments:

INTRODUCTION

The third paragraph (starting on 77) starts by stating that are few perturbations and that most studies focus on stressors. To me these are two separate ideas and I'm not sure why they are linked here? I think the key point of this third paragraph is to get readers thinking about antibiotics as a stressor that hasn't been studied?

Yes, we agree with the second reviewer that the third paragraph was intended to have readers think about our antibiotic treatment as a stressor that hasn't been studied. The nuance is that many studies focus on perturbing the plant community rather than perturbing the microbial community. To make sure that point is clear, we have restructured the third paragraph and can find the new start of the paragraph below:

Second, few studies perturb the root-endophytic bacterial community with mechanisms which drastically impact the composition to understand the functional relationship of the plant microbiome (34-37), instead many focus on perturbations that directly affect plant community dynamics. (Lines 71-74)

The paragraph starting on 92 emphasizes plant soil feedbacks. This is an important area and I am familiar with the literature, but for readers that are new to this concept, it is a bit tricky that the phrase is used on line 92 but not explained for a few more lines. As I will note later, I think more information about the general design of feedback studies needs to be introduced so that the reader can follow the methods.

Thank you for the insightful feedback. We have included more information in the introduction to describe plant-soil feedback study design and also added a few sentences to the method section. Below are the sentences added to the introduction:

This interaction is characterized as the plant-soil feedback framework due to observations in which plant species differ in their response to individual microbial species and in turn, growth rates of individual microbial species are also affected by the plant host (59). The term feedback within the scope of this study involves 2 steps: 1) the plant host perturbs the composition of the bacterial community, and 2) this differentiation must affect the performance of the plant host{Bever, 2003 \#6}. (Lines 90 -- 95)

The below lines were added to the methods section:

To create differentiated soil communities (step 1), one can either allow plant hosts to grow in similar initial soil communities for a few months or sample close to adult plants due to the short generation time and rapid community dynamics of microbial communities {Bever, 2010 \#435}. To measure the performance of the plant host (step 2), the plants are then grown in an inoculation of the differentiated soil communities surrounded by a common background soil to isolate microbial effects {Bever, 2010 \#435}. We chose to collect soil from these experimental plots to serve as our differentiated soils, which we will refer to as soil history throughout the manuscript. (Lines 149 -- 155)

I like that the introduction of the paper was written without regard to specifics of the study organisms (i.e., prairie plants and their microbes). However, the paragraph starting at 109 uses the word "prairie" several times without any explanation of this ecosystem. I am personally familiar with prairies but for an international journal, there needs to be some ecological context provided. (A very minor point: on 110, I'd refer to native prairie "vegetation" or "community" or "ecosystem" rather than "population" -- i.e., plant species cannot co-exist within populations).

Thank you very much for bringing up the concerns about introducing the idea of a prairie to an international audience. We have provided ecological context and those lines are found below:

The North American prairie ecosystem is one of the Earth's most endangered ecosystem and only 13% of its native range remains intact {Samson, 1996 \#193}. (Lines 108-09)

Additionally we replaced the word populations to ecosystem in line 106.

MATERIALS AND METHODS

130 -- typo

Fixed typo. (Horsweeed) -\> Horseweed on line 129

136 -- I realize that the prairie restoration plots are simply the source of the soil and not a focus of the study being presented here. However, a little more information about the plots would be useful (how many prairie species were used in the restoration plots?)

We have added more information about the plots can be found in the recent publication. The below lines have been added to the manuscript:

The plots were seeded with 25 Missouri ecotype native forb and 5 grass species, the seeding densities and common names can be found here along with more information about the experimental prairie restoration plots:{Wohlwend, 2019 \#634}. (Lines 145 -- 148)

147-148 Since I am familiar with feedback studies, I know exactly what is meant by this sentence and its reference to conditioning. However, many readers would not be clear on this. I think the soil feedback paragraph in the introduction has to be rewritten to emphasize the two stage process -- conditioning and testing, so that readers can understand what you mean by mimicking the first stage by using soil collected from field grown plants.

Thank you for this insightful feedback. The paragraph where we introduce soil-feedbacks has been re-written to include information about the 2-stage process. These changes are captured in the lines below:

This interaction is characterized as the plant-soil feedback framework due to observations in which plant species differ in their response to individual microbial species and in turn, growth rates of individual microbial species are also affected by the plant host (59). The term feedback within the scope of this study involves 2 steps: 1) the plant host perturbs the composition of the bacterial community, and 2) this differentiation must affect the performance of the plant host{Bever, 2003 \#6}. (Lines 90 -- 95)

The below lines were added to the methods section:

To create differentiated soil communities (step 1), one can either allow plant hosts to grow in similar initial soil communities for a few months or sample close to adult plants due to the short generation time and rapid community dynamics of microbial communities {Bever, 2010 \#435}. To measure the performance of the plant host (step 2), the plants are then grown in an inoculation of the differentiated soil communities surrounded by a common background soil to isolate microbial effects {Bever, 2010 \#435}. We chose to collect soil from these experimental plots to serve as our differentiated soils, which we will refer to as soil history throughout the manuscript. (Lines 149 -- 155)

152 -- Minor point -- I'm not sure about the meaning of this sentence.

The structure of the sentence was not correct. We have moved the date of the collection of soils to the beginning of the line 157.

155-6 -- I'm guessing that the bulk soil noted here may be the same thing as the field soil noted in line 164, but most readers wouldn't easily follow this. Again, I think it is important to write this paper without expecting that readers already have done plant feedback studies. For example, when one reads lines 155-156, there is no sense of why the bulk soil was collected (it may be better to refer to this bulk soil collection when you are talking about creating the background soil).

Thank you for bringing this to our attention. We have changed the syntax on line 164-165 to make sure the readers can follow the methods and understand the experimental design from the introduction into the methods section. The added lines are below:

Bulk soil was collected 30m away from the experimental Tyson plots to serves as our common background soil. All Soils were stored in the dark at 4℃.

Figure 1 is useful. However, I can't see the color difference for the water/antibiotic treatments.

Thank you for finding our figure useful. We have changed the colors so you can see the difference between the water/antibiotic treatments.

Just FYI, I found it distracting to have the figure legends embedded in the middle of the text (but without the figures). I think most reviewers expect the figure legends to be at the end of the manuscript, right before the figures.

Thank you for bringing up the point about figure legends. These are the instructions for PLOS ONE: Figure captions must be inserted in the text of the manuscript, immediately following the paragraph in which the figure is first cited (read order). Do not include captions as part of the figure files themselves or submit them in a separate document.

186 I found it initially odd to have a section on autoclaving and antibiotics after these terms had already been used in the previous section. Perhaps it would be useful to have the section heading for 157 be listed as "Overview of the Greenhouse Experiment" so readers may realize that other sections will provide many of the details.

Thank you for the insightful comment. We have changed the section heading to "Overview of the Greenhouse Experiment" on line 166.

188, 194, 195 It seems that the supplementary figures noted here are providing results from this study? Seems rather odd to have results presented in the methods section of the paper?

We used supplementary figures within the methods section to demonstrate the reasoning behind how we constructed the study that didn't directly answer our main hypotheses. Other papers have done this before such as: <https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0226432>, <https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0200974>, <https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0206484>).

212,213 I didn't see reference to the size of the pots? There is reference to "optimal time for growth" but I'm not sure what that means. The plant species used in this study can become very large in field environments. I realize that a greenhouse study by definition has to deal with smaller plants, but some reference to the capacity of the pots is important to consider. Did the plants get "root-bound"?

We agree with the reviewer that the plant species chosen for this study can get quite large in the field and we restricted the experiment to 4 months because 2 (Heliopsis helianthoides and Monarda fistulosa) of the 5 were starting to become "root-bound". We will remove the term "optimal time for growth" as to not confuse readers and refer to the life cycle stage.

The lines below have been added to the manuscript:

The experimented started July 2013 and ended October 2013. The duration was chosen to ensure all plants had enough time within the vegetative stage. (Lines 219 -220)

Also added the pot dimension which was 6 inches in diameter to line 174.

219 I am familiar with this equation, but what I don't see in this section is exactly how to apply it to the data being collected. I would add a few more sentences so readers can understand how the biomass data collected from the different pots can be used to determine the alpha and beta values needed for the equation.

Thank you for bringing this to our attention. We have included a few sentences to explain in further detail how we used the equation to calculate the feedback coefficient. We hope the example is easy to follow. The lines below were added to the manuscript:

We demonstrate how we calculated the interaction coefficient using an example with H. helianthoides and C. nutans. Total dried biomass of H. helianthoides grown in inoculum collected from conspecifics = ∝\_A. Total dried biomass of H. helianthoides grown in inoculum collected from C. nutans = β_A. Total dried biomass of C. nutans grown in inoculum from H. helainthodies = ∝\_B. Our final value variable, β_B, is the total dried biomass of C.nutans grown in conspecific inoculum. (Lines 233 -- 238)

226 A general point. After reading the paper a couple of times, I have understood that the root endophytic bacterial communities were "created/manipulated" by taking sterile plants and exposing them to different soils. One could then characterize them by looking at the bacterial communities within the root samples using sterile techniques. I think it might be useful to readers if these general points were made early in the paper just so that all readers quickly see the big picture.

Thank you for this comment. We have included the point that they were grown in sterile conditions to the statement in the end of the introduction. Please see line below:

To address these questions, we sequenced the 16S rRNA gene from the endophytic root compartment of plants which were initially grown in sterile conditions and compared the bacterial community composition to the data collected from the plant-soil feedback study. (Lines 120-123)

244 something is mixed up in this sentence

Thank you for noticing that mistake. We have rewritten this sentence and the lines below have been added to the manuscript:

We validated that the sonication and washes were sufficient in removing surface and exterior bacteria by sequencing these extracts and determining that the microbial communities were significantly different (S2A Fig). (Lines 261 -- 263)

266 very minor point -- data "is" plural so should use "were" here

Thank you for bringing this to our attention. The new line is below:

Microbial community count data were transformed using the DESeq2 package in R based on previous recommendations (73, 74). (Lines 283 -- 284)

285 I assume soil history means what plant the soil was collected under? Perhaps I missed it, but I would make sure this phrase was defined earlier.

Yes, that is correct. We have included this definition earlier in the manuscript. The new line added to the manuscript is below:

We chose to collect soil from these experimental plots to serve as our differentiated soils, which we will refer to as soil history throughout the manuscript. (Lines 154 -- 155)

287 A minor point, but "acquisition" seems a bit of an odd word. Isn't autoclaving killing bacteria so that they never enter the plant? I might of used something more general like "the characteristics of root endophytic bacterial communities.........."

Yes, we have changed the word "acquisition" to composition of root endophytic bacterial community. The new line is found below:

To link performance to composition of root endophytic bacterial communities in perturbed states, we tested for an interaction between plant host and autoclaving of field soil and plant host and soil history. (Lines 312 -- 315)

309, 310 I looked at figure 2a and 3b and can see the point the authors are making. However, I find the statistics presented a bit confusing. Is the author meaning that the difference between r squared of 11 and .03 is justification for the statement? I also had a similar question in the next sentence where the difference in r squared is .07 versus .02 (lines 312 and 313). I guess I'm not completely sure what the p value and r squared are telling me and in particular whether comparison of r2 values that already are quite small is meaningful (but like I said, the Fig 2A and 3B was convincing so perhaps this is all right?)

Yes, the reviewer is correct. We are comparing the r squared values from the ADONIS report as a way of comparing which main effect explains most of the variation between the endophytic-root bacterial communities. To make this a bit clearer, we have included the statement 'indicated by the r2 value' to help draw readers to the r2 values.

The lines below were added:

In a subset of samples which were non-autoclaved and non-antibiotic treated, the compositional differences in root bacterial community was explained by plant identity (ADONIS p \< 0.001, r2=0.11, Fig 2A) than by soil history (ADONIS p \< 0.001, r2=0.03, Fig 2B) which is indicated by the r2 value. (Lines 333 -- 336)

334 I was unclear about this sentence -- in the methods it implied that feedback was being measured? -- there were no qualifications?

Thank you for bringing this to our attention. We meant to say that the main effects were not significant therefore, the statement has changed and the new edits can be found below:

Even though we did not demonstrate significant main plant-soil feedbacks, we sought to determine if specific soil histories affected plant performance, we measured the dried biomass of all plants grown in each of the field-soil inocula. (Lines 356 -- 358)

413-415, 424-427 A comment about section headings. I was confused to see a subsection heading under a section heading for situations where there was only one subsection.

Thank you for bringing this to our attention. Our initial thoughts were to have the headings match the main hypotheses so that it would be easy for readers to follow. After receiving this feedback, we have decided to remove the section headings and replaced them with the subsection heading.

A general point: This paper had a very large number of supporting figures and tables. Most readers will not take the time to look at all of these. I think focusing on a small number of figures and tables would improve the message of the paper.

Thank you for this comment. We have tried to decrease the number of supporting figures and tables. There were some information that reviewer 1 brought up that needed justification so we added some information to the supplement. We have reduced the number of supporting figures to 6 from 10.

DISCUSSION

465 I am confused by the reference to selection here. In the introduction, there is reference to "selection" in the context of the influence of the plant host. In 465, I'm not sure what is being meant, especially since it seems that these results do show that "selection by the plant host" is occurring.

Thank you for bringing that to our attention. That was a typo and this has been corrected. Please see the new line below:

While selection by the plant host have been proposed as mechanisms structuring the soil microbial community (33, 43, 83), we provide evidence that the root-endophytic bacterial community is largely structured by the plant host, regardless of variation in soil history. (Lines 491 -- 493)

474 typo -- I expect you meant "rather than artificially"

Yes, we did mean to include the word than. We have corrected that mistake and the new changes are found below:

Within our study, we used natural variation within each plant host rather than artificially manipulating the plant genome and noticed large variation between individuals within each plant host indicating that root endophytic bacterial microbiome is not identical within all individuals of the same plant host; however, they are more similar to each other than to different plant hosts (Fig 2A). (Lines 499 -- 503)

548 typo -- "took advantage of "

Thank you for reporting this typo. We have corrected the mistake and the updated lines are found below:

We took advantage of plant-soil feedback experimental design and instead of attributing the effect to the entire community, we focused on the root-endophytic bacterial community to begin to understand the relationship between the root-endophytic bacterial community and plant performance. (Lines 573 -- 576)
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Ulrich Melcher

Academic Editor
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: I Don\'t Know

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: General comments

This rewritten paper has addressed many of my comments and the introduction and methods are much easier to read.

I especially appreciate the new sentences relating to the feedback framework in the introduction and methods. However, even though the paper is much improved with reference to feedback, there are a few places where I still found it could be improved. I think these comments are particularly important given that the first sentence of the abstract refers to feedback. For example:

Currently, early in the Results (line 356), the authors state "even though we did not demonstrate significant plant soil-feedback" but no analyses or information are presented. Readers have to wait until lines 455-465 to understand the details of the feedback results. The authors should think about the order in which they present material. If feedback is central to the paper, I would present this information early in the Results.

I also think lines 577 -- 578 will be confusing to many (i.e., the distinction between the two ways of talking about feedback).

Many specific comments are noted below. In general I found the manuscript much improved, but there are some errors involving words or sentences, or awkward writing, that I believe can be easily addressed.

36 -- 37 -- suggest rewrite "; in contrast to the degree to which ......"

38 -- I would have said "influences"

71 -- suggest rewrite "relationships between the plant and the microbiome"

73 -- long sentence -- perhaps delete phrase after comma

78 -- suggest rewrite "..........such as drought. This is important given that current predictions state that the intensity............"

81 -- suggest rewrite ".........soil microbial diversity (as expected with antibiotic use) leads to......

81 -- suggest rewrite "...........performance, and even fewer"

95 -- I might delete "must" (I know this is a part of feedback, but sentence structure seems awkward with it present)

98 -- add comma after herbivore

100 -- add "plant" before the word "species"

109 -- I haven't read this book but 13% seems too high. Often one sees Samson and Knopf Bioscience 44:418-421 cited, with a reference to 1-4% prairies left. It is tricky -- tables in this article show 1% prairie left in most states and more in a few states. These articles are also quite old -- more prairie has been lost in the last 20 years. But alas, a really good reference doesn't exist to my knowledge.

129 -- need spaces between 1 and invasive

149 -- suggest rewrite "(step 1 of the plant-feedback framework)"

150 - do you mean "sample closer to adult plants in field sites"??

160 -- Is this right? I would have expected soils to be pooled across experimental plots for those collected under the same plant species?

201-2 - It is stated that plant performance was not affected when grown in field autoclaved or field soil, but I wasn't sure whether this was a specific result of this study (if so, I'd expect a phrase like "See results" at the end) or whether this was a general statement (I'd expect to see a citation or at least xxx, unpublished data)

219 Typo -- "experiment" not "experimental"

229 -- suggest rewrite "above-ground plant parts"

238-239 - missing words in sentence?

248 -- not sure of the meaning of root position

250 insert "the" before "portion"

263 insert "the" before "microbial community"

306 perhaps insert "additionally" before "correlated" if the goal is to show this is an additional strength of the study

308 insert "the" before "linear"

335 suggest rewrite "was better explained (as indicated by the r2 value) by plant identity..............

357 there is a problem with the flow of this sentence

394 replace comma with semi colon (or more generally think about how to reduce the complexity and structure of this sentence)

407 -- 410 I understand the meaning of the sentence but it is cumbersome to read.

445-446 Reword. The reference to "we perturb" makes it sound like a methods sentence but clearly it is a results sentence

503 -- It seems odd to emphasize the idea that individual plants within the same species are different before addressing the larger point that different host species structure the microbial community

559 - should say "would become dominant." Also, I think it is too much of a stretch to infer from a single lab study with autoclaving whether particular species would be more common after a fire. Many factors affect post-fire response.
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7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

2 Apr 2020

Currently, early in the Results (line 356), the authors state "even though we did not demonstrate significant plant soil-feedback" but no analyses or information are presented. Readers have to wait until lines 455-465 to understand the details of the feedback results. The authors should think about the order in which they present material. If feedback is central to the paper, I would present this information early in the Results.

Thank you for bringing this to our attention. We have removed the comment about plant soil-feedbacks here since those specific results are not discussed until later (following a parallel structure based on the 4 questions we posed at the end of the introduction).

The new line is below:

To determine if specific soil histories affected plant performance, we measured the dried biomass of all plants grown in each of the field-soil inocula. (Lines 356-357)

I also think lines 577 -- 578 will be confusing to many (i.e., the distinction between the two ways of talking about feedback).

Thank you for that insightful comment. We have added more context and the new line is below:

In contrast to other studies, we did not detect a significant main effect plant-soil feedback (feedback between all plant hosts) within our experiment (S5 Fig); however, we did detect pair-wise plant-soil feedbacks between pairs of plant hosts (Fig 6). (Lines 578 - 580)

36 -- 37 -- suggest rewrite "; in contrast to the degree to which ......"

Following your suggestion we have re-written the sentence:

"Most studies focus on the microbial community in the soil rhizosphere; therefore, the degree to which the bacterial community within plant roots (root-endophytic compartment) influences plant-microbe interactions remains relatively unknown." (Lines 36 -- 38)

38 -- I would have said "influences"

We have changed the word to "influences". Please see above, we have changed this as you suggested.

71 -- suggest rewrite "relationships between the plant and the microbiome"

73 -- long sentence -- perhaps delete phrase after comma

To address both suggestions, we have rewritten this part as:

"Second, few studies perturb the root-endophytic bacterial community with mechanisms which drastically impact the composition. To understand the relationships between the plant and the microbiome (34-37), experiments should include treatments which affect both the microbiome and the plant. Instead, many focus on perturbations that directly affect plant community dynamics." (Lines 70 -- 74)

78 -- suggest rewrite "..........such as drought. This is important given that current predictions state that the intensity............"

We have updated the sentence to read:

"Many studies suggest that the root-endophytic bacterial community helps plants mitigate abiotic stress (32, 40-43) such as drought. This is important because the intensity and frequency of droughts are predicted to increase due to climate change (44, 45)." (Lines 76 -- 79)

81 -- suggest rewrite ".........soil microbial diversity (as expected with antibiotic use) leads to......

81 -- suggest rewrite "...........performance, and even fewer"

To address both suggestions, we have re-written this part as:

"Few studies have shown that a decrease in soil microbial diversity (as expected with antibiotic use) leads to decreases in plant performance, and even fewer have linked this to root-endophytic bacterial communities (2, 37)." (Lines 80 -- 83)

95 -- I might delete "must" (I know this is a part of feedback, but sentence structure seems awkward with it present)

We have removed the word "must". The new sentence reads as:

"The term feedback within the scope of this study involves 2 steps: 1) the plant host perturbs the composition of the bacterial community, and 2) this differentiation affects the performance of the plant host (6)." (Lines 94 -- 96)

98 -- add comma after herbivore

We have included the comma:

"Plant-soil feedbacks can predict co-existence of plant species since feedbacks are plant host-specific and can either be negative or positive (22) depending on the balance of negative effects of soil-borne pathogens, herbivores, and parasites compared to positive effects of beneficial soil microbes (60)." (Lines 96 -- 99)

100 -- add "plant" before the word "species"

We have taken this suggestion:

"...thus limiting dominance and competition among plant species." (Lines 101)

109 -- I haven't read this book but 13% seems too high. Often one sees Samson and Knopf Bioscience 44:418-421 cited, with a reference to 1-4% prairies left. It is tricky -- tables in this article show 1% prairie left in most states and more in a few states. These articles are also quite old -- more prairie has been lost in the last 20 years. But alas, a really good reference doesn't exist to my knowledge.

Yes, we haven't been able to find a more recent citation. Most papers including this one published in 2017 still references the Samson and Knopf paper: North American tallgrass prairies represent one of the most widely destroyed and degraded ecosystems on Earth, with \>90% of original prairie lost, and in some regions such as Illinois, \>99% (Samson and Knopf, 1994; Samson and Knopf, 1996). (Barber et al 2017 Environmental Microbiology <https://doi.org/10.1111/1462-2920.13785>)

129 -- need spaces between 1 and invasive

We have added the space.

"We chose 5 prairie species, 4 natives: Monarda fistulosa (Wild Bergamot), Ratibida pinnata (Grey-head coneflower), Heliopsis helianthoides (Smooth oxeye), Conyza canadensis (Horseweed); 1 invasive which was listed as a noxious weed in Missouri (USDA 2019): Carduus nutans (Musk Thistle)." (Lines 127 -- 130)

149 -- suggest rewrite "(step 1 of the plant-feedback framework)"

150 - do you mean "sample closer to adult plants in field sites"??

Yes, we do mean in field sites. We have included that in the sentence to make it clearer.

To address the last two comments we have re-written this sentence as:

"Step 1 of the plant-feedback framework is to create differentiated soil communities by either allowing plant hosts to grow in similar initial soil communities for a few months or sampling close to adult plants in field sites due to the short generation time and rapid community dynamics of microbial communities (54)." (Lines 149 -- 152)

160 -- Is this right? I would have expected soils to be pooled across experimental plots for those collected under the same plant species?

Yes, we did not pool the plots. We kept them separated and included that factor as a variable within our statistical model.

201-2 - It is stated that plant performance was not affected when grown in field autoclaved or field soil, but I wasn't sure whether this was a specific result of this study (if so, I'd expect a phrase like "See results" at the end) or whether this was a general statement (I'd expect to see a citation or at least xxx, unpublished data)

Yes, you are correct. We have added the reference to our figure in the supplements that demonstrate this result:

"Antibiotics were chosen as a perturbation due to their ability to directly affect microbial communities by eliminating species from the communities without directly impacting plant growth (S1 Fig). Plant performance was not affected when grown in the presence or absence of antibiotics (S1B Fig)." (Lines 199 -- 202)

219 Typo -- "experiment" not "experimental"

Thank you for catching this typo. We have changed it to "experiment" instead of "experimented". (Line 222)

229 -- suggest rewrite "above-ground plant parts"

We have updated the sentence to reflect the suggested change:

"To calculate plant-soil feedback interaction coefficient (I_s), we used the dried biomass of both above-below ground plant parts and calculated the interaction using this equation (71):" (Lines 228 -- 229)

248 -- not sure of the meaning of root position

We did not standardize where we collected the root across all plants. We have re-worded the sentence to make this clear:

"Since we wanted to limit the amount of cross contamination, we did not standardize the exact location of the extracted root sample across all plants." (Lines 247 -- 249)

250 insert "the" before "portion"

We have included the word "the" where suggested. (Line 258)

263 insert "the" before "microbial community"

We have included the word "the" where suggested. (Line 271)

306 perhaps insert "additionally" before "correlated" if the goal is to show this is an additional strength of the study

Yes, thank you for the suggested change. The new sentence is:

"We additionally correlated the composition of the bacterial communities to plant performance to understand if differences in endophytic root bacterial compositions could explain differences in plant biomass." (Lines 306 -- 308)

308 insert "the" before "linear"

We have included the word "the" where suggested. (Line 318)

335 suggest rewrite "was better explained (as indicated by the r2 value) by plant identity..............

We have changed the placement of the r2 value to the suggested placement. The new sentence is:

"In a subset of samples which were non-autoclaved and non-antibiotic treated, the compositional differences in root bacterial community was better explained (as indicated by the higher r2 value) by plant identity (ADONIS p \< 0.001, r2=0.11, Fig 2A) than by soil history (ADONIS p \< 0.001, r2=0.03, Fig 2B)." (Lines 333 -- 336)

357 there is a problem with the flow of this sentence

Thank you for bringing this to our attention. The new sentence is found below:

"To determine if specific soil histories affected plant performance, we measured the dried biomass of all plants grown in each of the field-soil inocula." (Lines 356 -- 357)

394 replace comma with semi colon (or more generally think about how to reduce the complexity and structure of this sentence)

We reduced the complexity by creating two sentences. The new sentences are:

"We can attribute plant performance to the soil biotic component because we controlled for potential variation in abiotic properties introduced by the small volume of soil history. Additionally, we assessed seedling growth in the same plant-inoculum combinations but with autoclaved inoculum." (Lines 391 -- 394)

407 -- 410 I understand the meaning of the sentence but it is cumbersome to read.

To make this sentence easier to read, we removed some of the stats which can be found on the figure and referred to the figure just once. The new sentences are:

"C. nutans (p \< 0.013), H. helianthodies (p \< 0.001), M. fistulosa (p \< 0.01,), and R. pinnata (p \< 0.0001), but not C. canadensis (p = 0.7), demonstrated a correlation between biomass and community similarity (Fig 4)." (Lines 406 -- 408)

445-446 Reword. The reference to "we perturb" makes it sound like a methods sentence but clearly it is a results sentence

We have reworded this sentence:

"To understand the specificity of the root endophytic microbial community to the host, we measured the change in root endophytic microbial community composition after exposure to antibiotics (ADONIS p = 0.26, r2 = 0.005) and the autoclave treatment (ADONIS p \< 0.001, r2 = 0.07)." (Lines 444 -- 447)

503 -- It seems odd to emphasize the idea that individual plants within the same species are different before addressing the larger point that different host species structure the microbial community

Thank you for bringing this to our attention. We have rephrased to highlight the larger point and end with the individual plants. The new sentences are:

"Within our study, we discovered that individuals within each plant host are more similar to each other than to different plant hosts (Fig 2A). Moreover, since we used natural variation within each plant host rather than artificially manipulating the plant genome and noticed large variation between individuals within each plant host indicating that root endophytic bacterial microbiome is not identical within all individuals of the same plant host (Fig 2A)." (Lines 499 -- 504)

559 - should say "would become dominant." Also, I think it is too much of a stretch to infer from a single lab study with autoclaving whether particular species would be more common after a fire. Many factors affect post-fire response.

Thank you for bringing this to our attention. We have changed the word "dominate" to "dominant". Additionally, we have added the following sentences to highlight your point that more studies need to be conducted to understand the impact rather than using our study as the rule of thumb:

"This result suggests that certain plant species would become dominant while others would become rare within the population after a prescribed fire." (Lines 559 -- 561)

"Additional studies are needed to understand the impact of current prairie restoration practices on root-endophytic bacterial communities and its impact on prairie community composition." (Lines 564 -- 566)
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